Introduction
The number of overweight and obese people is continuously increasing both in the developed and in developing countries. Excess weight and obesity coupled with advancing age increase the threat of a cluster of abnormalities referred to as metabolic syndrome (MetS). Risk factors including waistline obesity, elevated triglyceride levels, reduced high-density lipoprotein (HDL) cholesterol levels, raised blood pressure (BP), and raised fasting plasma glucose are well documented. 1 Over a 23-year period, the National Health Examination Survey (NHES), Thailand, was conducted five times -in 1991, 1996, 2004, 2009 , and 2014 -to assess the health and nutritional status of Thai people. From the first to the fourth survey, obesity prevalence in Thailand had increased >2.5 times. 2, 3 In the 1991 and 1996 surveys, the obesity prevalence for females was approximately two times higher than that of their male counterparts, whereas in 2004, 2009 , and 2014 surveys, the ratio of obese females to males had reduced to 1.5, 1.4,
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Sanee et al and 1.3, respectively. 4 In addition, data from the fourth NHES, Thailand, on public health examination (2008) (2009) ) reported that 20,450 of its working age population and elderly people have MetS including above standard averages in body mass index (BMI), waist circumference (WC), diabetes mellitus, and cholesterol disorders. The last Thailand NHES (2014) reported that the prevalence of MetS in the Thai population aged 15 years and older was 21.7% (24.5% in female and 18.9% in male). 5 Results of the 2014 survey showed that the prevalence of obesity in males reflects the trend from previous years and rose to 33%, while the prevalence in females increased only slightly to 43%. Thailand has now become one of the countries with the highest prevalence of obesity in Asia (second only to Malaysia). 6 This alarming statistic that is linked to increasing global obesity can be attributed to changes in economic development, modernization, and urbanization. 7 In previous research, peer-led intervention programs have been, and continue to be, used effectively in other countries to address diverse problems. This intervention program has been previously assessed and used with successful results in Asia [8] [9] [10] [11] [12] [13] but not in Thailand. In Thailand, there have been many strategies and attempts at intervention to change the health behaviors of general or specific groups of the population affected by MetS. The Ministry of Public Health (MOPH) is the principal agency responsible for promoting, supporting, controlling, and coordinating all health service activities for the well-being of the Thai people.
14 From 1996 to 2005, the MOPH endorsed a foodbased dietary guideline and nutrition program and launched a public healthy meal planning campaign. Furthermore, the US Food and Drug Administration (FDA) implemented the guideline for daily amounts of saturated fatty acids, sugar, and sodium on a voluntary basis. 15 In addition, the Thai Health organization deploys four channels in promoting health: namely, health promotion through issues (alcohol, tobacco, unhealthy foods, etc), organizations (educational institutions, workplaces, etc.), communities or areas, and target groups (children, vulnerable populations, elderly, etc.). Also, the Thai Health Organization supports epidemiological and policy research related to obesity in Thailand, promotes public health awareness, and advocates national and local policy on healthy diet and physical activity (PA). 4 In Thailand, most studies on garment factory workers focused on a cross-sectional analytical study and most researchers were interested in musculoskeletal disorders or occupational hazards, [16] [17] [18] [19] but no experimental peer-led intervention studies have been conducted on the risk of seamstresses developing MetS as a consequence of their occupation. The research presented in this study can, however, be applied to all prolonged seating occupations, but focused on seamstresses, as the research team was granted access to two identical but separately located governmentregulated garment factories, making the research scope and environment easier to assess and monitor due to its structured environment. The results of this study can effectively form the basis of similar future studies on the health effects of other sedentary occupations. The authors recognized the crisis situation faced by an increasing number of female workers in the factory presenting with MetS symptoms. The aims of this study were to evaluate the effect of a peer-led intervention program on reducing MetS symptoms and to improve the knowledge of MetS, its risk factors, and the importance of preventative measures such as increased PA, improved diet, and reduced stress, as well as to reduce some clinical parameters, such as WC, BMI, systolic BP, and diastolic BP.
Methods

Experimental design
Quasi-experimental research designs, where assessments were performed before and after the program, were applied to this study and employed from September 15 to December 16, 2015. This study took place in two separate locations, namely, the Uniform Sewing Factories of the Royal Thai Army in Nonthaburi province for the intervention group and the Uniform Sewing Factories of the Royal Thai Navy located in Bangkok for the control group. The decision to separate the control group from the experimental group was due to time constraints that restricted the ability to better monitor and avoid information sharing of data findings if both groups were within the same, close-knit, working environment. By having the staff working in geographically separate yet near identical working conditions, the research team ensured the ability to monitor results as outlined in the planned experiment within the restricted timescale.
Subjects
A 12-week study was conducted with 100 individuals between the ages of 35 and 59 years to assess the feasibility of the methods. In order to be eligible, volunteer participants had to present with at least one of the following MetS symptoms: 1) waistline obesity (WC ≥80 cm), 2) raised triglyceride levels (≥150 mg/dL), 3) reduced HDL cholesterol (<50 mg/dL), 4) raised BP (systolic ≥130 mmHg or diastolic ≥85 mmHg) or treatment of previously diagnosed hypertension, and 5) raised fasting plasma glucose (≥110 mg/dL) or diagnosed 
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Peer-led intervention system for individuals with MetS type 2 diabetes. In addition, participants had to be willing and able to communicate by mobile phone. Volunteers were ineligible to participate if they had any of the following: diseases including cardiovascular diseases, chronic liver or kidney disease, advanced cancer, and/or requiring specific diet and exercise recommendations. They were also ineligible if they were unable to participate in the study for its entire duration due to pregnancy, change in workplace, or temporary worker status. A total of 50 eligible participants for each group were randomly selected from among the high number of applicants who expressed an interest in participating in this study. Afterward, 100 eligible participants gave their permission by signing an informed consent form approved by the Ethical Committee for Research Involving Human Subjects, Health Science Group from Chulalongkorn University (COA No. 142/2016) before commencement of the study.
Sample size calculation
This study used a G power program to calculate the sample size necessary to obtain estimates of a desired precision. Based on a previous study, 20 the effective size of 0.24, the alpha level of 0.05, and a power of 0.80 were used. A total of 100 females who fit the criteria were selected.
Intervention
The study program consisted of the following two parts: the first part involved peer leader training lasting 5 weeks and the second part involved a preplanned program implemented by peer leaders lasting 3 months.
Peer leader training program
The 55 participants in the intervention group were divided into five groups of 10 members plus one peer leader. A peer leader to lead each group had to be selected within the group. The selection criteria prior to the commencement of training included: 1) age range from 35 to 59 years; 2) at risk of MetS for more than half a year; 3) education level to at least bachelor's degree to facilitate better dissemination of the program's goals; 4) ability to communicate verbally; 5) willingness to be involved in this study as a peer leader; and 6) confidence and sensitivity to self-management behavior. Leaders for each of the five intervention groups were selected from among the group following peer nominations and section supervisor recommendations from the Uniform Sewing Factory of the Quartermaster Department of Royal Thai Army where the study took place. Each peer leader was responsible for ten participants in her group. Eight peer leaders were originally nominated, so the researcher also interviewed candidates recommended by the supervisor in order to narrow down to the final five selected peer leaders.
The training course for peer leaders involved brainstorming and discussion and was developed following recommendations by the research team together with the peer leaders. The research team comprised a nurse manager in chronic diseases, a dietitian, a sport scientist, and a Tai Chi instructor. The total training course was 13 hours long and comprised five educational sessions (basic MetS knowledge) and four workshop sessions (body weight and WC measurement, healthy diet/reading food labels, PA recommendations, and stress management).
Intervention by peer leaders
As a part of the 3-month peer-led intervention, each participant was provided with a handbook about MetS, PA, healthy diet, and stress management. The intervention section consisted of the following two parts: whole-group (all 50 participants) support sessions led by the five peer leaders and weekly small-group sessions (ten participants) led by each team's peer leader.
The weekly small-group support sessions of 30 minutes duration were organized by each group's peer leader. Each support session was designed to strengthen peer support and facilitated group discussion and learning by sharing experiences and problem-solving strategies with each other. Participants were encouraged to meet their leaders individually or communicate by phone if they wished to discuss aspects of the program individually rather than in a group.
For the large group activity, peer leaders together with the research team conducted monthly meetings (2 hours long). Members of each team had activities for the group to complete at each meeting as follows: 1) setting their goal to lose weight and decide on how many kilograms per week, 2) combined the weight of members in each group, 3) finding the successful group who lost the most weight, so such team would get the 10 points from each meeting, 4) discussing and sharing experiences within groups and between groups, including tailored solutions for perceived barriers, and 5) on the 12th week, evaluate the weight of each team. Log books were given to participants to monitor leisure time exercises and dietary habits and were shown to peer leaders at each group session. Furthermore, participants were required to record their weight on a weekly basis in the record book and were required to submit their record book to their peer leaders during the group meeting.
The aims of this section were to set personalized goals with participants, educate them on healthy eating habits 
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Sanee et al and PA for weight management, address personal barriers to behavioral change, maintain motivation, and encourage them to use the additional program materials available. At each individual counseling session, participants were asked about their current body weight, diet, and PA in order to set goals to be achieved at their next meeting (~2 or 3 weeks). Each time, one target goal was set with participants relating to their body weight and diet or PA
Control group
The information (handbook) that was given to the control group related to general information on the research objectives and the research schedule as a means of recruiting volunteers. The authors did not give any advice or offer further support as in that received by the intervention group.
Data collection and measurements
Data were collected from both the intervention and control groups at baseline and in the third month to assess mean changes. Measurements consisting of sociodemographic characteristics, systolic BP, diastolic BP, BMI, and WC were determined. Height and weight were measured according to World Health Organization (WHO) protocol. 21, 22 Height was measured to ~0.1 cm using a tape fixed to a wall. A digital scale was used for measuring weight and calibrated before the examination. BMI was calculated as weight in kilograms divided by the square of height in meters. WC was measured using a nonstretch, spring weighted anthropometric tape with a tension meter attached in the horizontal plane. 23 BP measurement was collected using an OMRON HEM-907XL automated BP monitor. 24 All clinical measures were assessed by qualified nurses. Knowledge and perception questionnaires of MetS and risk factors were developed by the literature reviews, and then, three experts in the field of chronic diseases reviewed and commented on the questionnaire (Cronbach's alpha coefficients =0.760 and 0.845, respectively). The Food Frequency Questionnaire (FFQ) from previous studies [25] [26] [27] [28] [29] was modified for the purpose of this study (Cronbach's alpha coefficient =0.760 and 0.845 was used) and further validated by experienced subject specialists. PA was applied from the international physical activity questionnaires (IPAQ), 30 and data were converted to metabolic equivalent task minutes per week (MET-minute/week). Stress assessment questionnaires were developed by Juckaphan et al, 31 from the Department of Mental Health, MOPH, Thailand, by applying the pattern of the instruments for evaluating stress. 32 All questionnaires had proven validity and reliability before commencement of this study.
Data analysis
A Student's t-test and a Pearson's chi-squared test were used to compare the differences of baseline data between the intervention group and the control group. In addition, repeated measure analysis of variance (ANOVA) was used to test the effect of the intervention program between the intervention group and the control group. Before data analysis, a sphericity test was used for the assumption of equal variances in ANOVA.
Results
The characteristics of participants are presented in Table 1 . The total number of participants was 100 including 50 individuals in the intervention group and 50 individuals in the control group. Results revealed that sociodemographic characteristics pertaining to income and social support were similar in both groups (P-value >0.05). After intervention, upon comparison of the two groups, there were statistically significant differences after 3 months between the intervention group and the control group. Also, the results showed significant differences of outcomes in the intervention group (Tables 2 and 3 ) 
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There were statistically significant differences in the mean of diastolic BP and diastolic BP (P=0.04 and P<0.001, respectively) between the intervention group and the control group. PA, knowledge of MetS, perception of MetS and risk factors, and stress assessment score readings between the baseline and the 3-month follow-up also showed statistical differences (P=0.05, P<0.001, P<0.001, and P=0.002, respectively). There were no statistically significant differences in mean difference (post-pre) of WC, BMI, and FFQ score; however, those findings showed positive improvement changes. The results showed the mean differences (post-pre) of WC and BMI decreased at 3 months, so the current study had a positive influence in the overall PA of participants. Also, there was a higher FFQ score in the intervention group at 3 months indicating a correlation to lower dietary energy intake and increased awareness of the benefits of a healthier diet (Table 2) .
From baseline to 3 months, the intervention group showed significant improvements in mean WC (1.63 cm, P<0.001), systolic BP (5.07 mmHg, P=0.03), diastolic BP (3.91 mmHg, P=0.02), and knowledge of MetS (0.50 points, P=0.02) (Table 3) , while the control group showed no significant differences. The findings of the control group showed that PA was reduced and FFQ score was reduced indicating a correlation to higher dietary energy intake and a tendency to unhealthy dietary intake (Tables 3 and 4) .
Discussion
It is difficult for individuals to make significant lifestyle changes within a short period of time (3 months) and without support and encouragement from their peers. In order to ensure a greater chance of success, support groups are considered to be critically helpful. Group activity, including the opportunity to share personal experiences and exchange ideas for improving personal health, has proven benefits. 33 In this study, during the 3-month intervention, educational sessions or group discussion by peer leaders encouraged participants to share experiences with one another and learn more about the benefits of healthy eating and regular PA. As a result of this study, participants were informed about calorie counting and knew to select appropriate dishes for each meal to suit the energy needs for their work. Furthermore, they are now more interested in exercise and have organized group exercise sessions lasting 30 minutes in the factory before going home. These activities were initiated and supported by peer leaders.
This program had a significant effect on controlling both systolic BP and diastolic BP in the experimental group, the results of which are consistent with the results from prior studies of peer-led groups. First, the present study is consistent with the effects of the peer support groups that have shown improvements in BP control. 34 Second, the results are similar to peer-led diabetes education programs in high-risk Mexican 
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The MET-minute/week score was found to be significantly different after implementation by peer leaders between groups. This finding is similar to Chang et al's 35 study on applied nurse-led empowerment strategies for hypertension patients with MetS where it was found that the amount of mid-and high-intensity activities did not increase, but the increased amount of walking resulted in a positive change in overall PA. This sets an important precedent in helping participants make better lifestyle choices, which have significant long-term benefits.
The current study found that the consumption of FFQ score was not significantly different. This contrasted with the study of a promotora-led lifestyle behavior intervention for overweight women aged 35-64 years. The findings showed that women in the intervention group improved significantly in dietary habits. 36 A possible reason for the lack of improvement in the FFQ score is the easy access to soft drinks and fast food that are high in sugar, oil, and salt sold in the factory cafeterias, making it difficult for staff to break away from the convenience of these food options. However, there were marginal positive changes in the mean FFQ score of participants indicating improved eating behaviors. It is hoped that a change in eating habits would result in changes in fast food items sold in the cafes. Change in dietary habits depends, to a large extent, on the environment where the people live and work.
Furthermore, people with better access to social support feel more empowered to make changes in behavior, which ultimately leads to achieving target goals in health and fitness. 37 A better understanding of MetS as experienced by participants is similar to a previous study reporting that participants' knowledge and attitudes toward MetS risks such as nutrition, PA, and engagement in PA were statistically improved. 38 It was found that stress was at the same level (severe level), but after the 3 months intervention, the mean score had decreased significantly. The study revealed that there were relationships between the psychosocial work environment and psychological health problems among Thai garment workers where high scores on psychosomatic symptoms, 
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Peer-led intervention system for individuals with MetS anxiety, and depression were reported (24.9, 23.7, and 18.2%, respectively). 39 In the present study, there are some factors that might influence increased stress such as workload and time management: each day's workload changes but includes strict deadlines that all participants feel obliged to meet resulting in little time for relaxation. This led to irregular or minimal break times with each employee having to manage her own breaks to ensure that all work was completed on time.
In interpreting these findings, it is important to consider the following limitations: first, the duration of this study was limited to 12 weeks, which only allowed for an assessment of the short-term impact of the changing MetS risk factors or health risk behaviors. Ideally, this approach should be evaluated over a longer period in order to understand more of the sustainability of a peer-led intervention program and also in order to ensure long-term reduction of MetS risk factors. Second, this study was applied specifically to female workers in a Uniform Sewing Military Factory, so findings and methods cannot simply be applied to the general population but may be useful for other sedentary occupations within a regulated working regime. In future research, the use of a more standardized process of selecting participants for both the control and intervention groups is recommended: both categories of participants should ideally be in the same controlled study workplace to ensure that environment and workplace factors are more accurately assessed, but this would require stricter and more regular supervision from the research team in order to ensure that information was not shared between groups. In addition, employing a randomized controlled design with full cost-effectiveness analyses would provide a more thorough examination of the program. Finally, the data collection method was based on a self-administered questionnaire, which may have resulted in biased responses that could not be verified. As a recommendation for future assessments, researchers should explore the interaction and developmental process among peer groups as it may be helpful in the understanding, standardization, and dissemination of peer-led intervention. Last but not least, reducing MetS in the workplace could be ensured if organizational support (such as workstation and workplace modifications) were introduced in order to reduce occupational sitting time.
Conclusion
Introducing a peer-led intervention program for individuals with a risk of MetS resulted in positive results. The research results showed a significantly improved reduction in major health risk factors, and furthermore, due to the efforts of the peer leaders, the study had a high retention rate and received reassuringly positive feedback from participants.
